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US 7,697,998 B2 
1. 

ELECTRODE WITH EDGE PROTECTION 

The present application is a continuation-in-part of U.S. 
Ser. No. 1 1/335,990 filed Jan. 20, 2006. This referenced 
patent application is to be incorporated herein in toto by this 
specific reference thereto. 
The present invention generally relates to electrodes and, 

more particularly, electrodes Suitable for transcutaneous 
nerve and/or muscle stimulation and biological signal record 
1ng. 

Medical electrodes must provide an even electrical distri 
bution to a patient’s skin over an entire surface of the elec 
trode to assure proper coupling. Because of the curvaceous 
nature of the human body, it is apparent that medical elec 
trodes for use thereon must be flexible not only for confirma 
tion with a patient's skin contours, but also to accommodate 
relative movement of the patient’s skin. 

It is well known that inadequate flexing and shaping of the 
electrode to a patient’s contour can result in an irritation of the 
patient’s skin. Electrical “hot spots” due to uneven electrode 
skin contact can result in a rash or a burning sensation. A 
sensation of burning may be felt by a patient within a few 
minutes after application of the electrical signals during nerve 
and/or muscle stimulation, while rash conditions generally 
take a longer period of time to develop. 

In order to provide uniform electrical coupling, heretofore 
developed electrodes have utilized conductive fabrics and 
foils in combination with a conductive and flexible adhesive 
in order to uniformly couple electrical signals to and/or from 
an electrical lead wire, or connector. A number of electrodes 
have provided impedance compensation for directing electri 
cal pulses from the lead wire uniformly throughout an elec 
trode, such as, for example, U.S. Pat. No. 5,038,796 entitled, 
ELECTRICAL STIMULATION ELECTRODE WITH 
IMPEDANCE COMPENSATION, and U.S. Pat. No. 5,904, 
712 CURRENT CONTROLLING ELECTRODE to Axel 
gaard. U.S. Pat. No. 4.736,752 teaches the control of current 
density across an electrode through the use of conductive ink 
design areas. These patents are incorporated in their entirety 
herewith by this specific reference thereto. 
Many prior art electrodes have compromised the flexibility 

of the electrode in order to provide adequate current densities 
over the entire contact area of the electrode. Such electrodes 
typically have utilized a metallic mesh, or foil, to provide 
conductivity and utilize a conductive gel between the elec 
trode and the patient's skin in order to accommodate the 
movement therebetween. Such use of foil or meshoften cause 
burning or hot spots at electrode edges. 
A common prior art problem with medical electrodes using 

a conductive adhesive is the leakage of electrical current from 
edges of the conductive adhesive, or gel, which is known in 
the art as edge biting. In addition, exposed adhesive, or gel. 
has a tendency to dry upon exposure to air and, in addition, 
entry of foreign material to the gel is possible because of the 
adhesive nature thereof. 
The present invention addresses these problems with prior 

art electrodes by preventing contact of a conductive member 
with a patient’s skin and also providing a seal for the conduc 
tive adhesive. 

SUMMARY OF THE INVENTION 

A medical electrode in accordance with the present inven 
tion generally includes a conductive flexible member having 
a top side and a bottom side along with a connector in contact 
with the conductive flexible member for establishing elec 
trode contact with an external apparatus. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
A non-conductive flexible sheet is disposed over the con 

ductive flexible member top side with the non-conductive 
flexible sheet having dimensions greater than the conductive 
flexible member causing an overlap thereof by a sheet perim 
eter. 

An adhesive may be provided for bonding the non-conduc 
tive flexible member to the top side of the conductive flexible 
member and securing a connector to the conductive flexible 
member top side. 
A conductive adhesive is provided and disposed on the 

conductive flexible member bottom side for adhering the 
electrode to a patient's skin. 

In one embodiment, the conductive flexible member is a 
conductive fabric and the adhesive is disposed over the entire 
flexible sheet including the sheet perimeter with the adhesive 
and the sheet perimeter enabling sealing of the electrode to a 
user's skin. 
An improvement in accordance with the present invention 

is directed to the non-conductive flexible sheet disposed over 
the connector on the conductive flexible member top side. As 
hereinabove noted, the dimensions of the non-conductive 
flexible sheet are greater than the conductive flexible member 
thereby causing an overlap in order to prevent contact of the 
conductive member with a user's skin and further to provide 
a seal for the conductive adhesive. 

In another embodiment of the present invention, a medical 
electrode includes a plurality of spaced apart conductive flex 
ible members having top sides and bottom sides along with a 
plurality of connectors with each connector in contact with a 
corresponding conductive flexible member for establishing 
electrical contact with an external apparatus. 
A non-conductive flexible sheet is provided and disposed 

on the conductive flexible member with the non-conductive 
flexible sheet having dimensions greater than a total dimen 
sion of the conductive flexible members thereby causing an 
overlap thereof by a sheet perimeter. 
An adhesive may be provided for bonding the non-conduc 

tive flexible sheet to the conductive flexible members and 
securing the connectors to the corresponding connective flex 
ible members. A conductive adhesive is disposed on the con 
ductive flexible member bottom sides for adhering the elec 
trode to a patient’s skin. 
More particularly, each of the conductive members may be 

a conductive fabric and the adhesive may be disposed over the 
entire flexible sheet including the sheet perimeter in order to 
prevent contact of a conductive member with a patient’s skin 
and further providing a seal for the conductive adhesive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention may be better understood with ref 
erence to the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a cross sectional view of a prior art electrode as 
disposed on a user/patient skin generally including a non 
conductive sheet, adhesive layer, conductive member, and 
conductive adhesive; 
FIG.1a is a cross sectional view of the electrode shown in 

FIG. 1 illustrating contact of the conductive member with the 
skin upon rolling of the electrode due to an external force 
applied thereto; 

FIG. 1b is a cross sectional view of the prior art electrode 
shown in FIG. 1 illustrating dislodgement of the electrode 
from the user's skin due to the action of clothing being 
brushed thereagainst; 

FIG. 2 is an exploded cross sectional view of a medical 
electrode in accordance with the present invention generally 
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showing a conductive fabric having a top and a bottom side, a 
connector in contact with the member top side, and a non 
conductive flexible sheet covering the conductive flexible 
member with the sheet having dimensions greater than the 
conductive member and conductive adhesive causing an over 
lap. 

FIG.3 is an exploded cross sectional view of an edge of the 
assembled electrode illustrated in FIG.2 applied to a patients 
skin and illustrating the prevention of contact of the conduc 
tive member with the skin by adhesion of the non-conductive 
flexible sheet directly to the skin by the adhesive; and 

FIG. 4 is an alternative embodiment of the present inven 
tion illustrating a plurality of spaced apart conductive flexible 
members, connectors, and a non-conductive flexible sheet 
disposed on the conductive member having dimensions 
greater than the total dimension of the conductive flexible 
member thereby causing a full overlap thereof by a sheet 
perimeter. 

DETAILED DESCRIPTION 

With reference to FIGS. 1, 1a, and 1b, there is shown a 
prior art electrode 10P shown disposed on a patients/user's 
skin 12P and generally including a conductive adhesive 14P. 
a conductive member 16P, an adhesive layer 18P and a non 
conductive sheet 20P. 

FIG. 1 illustrates the electrode 10P upon initial placement 
onto the skin 12P. However, as illustrated in FIG. 1A, the 
electrode 10P when subjected to a movement of the non 
conductive sheet, as illustrated by the arrow 22P causes a 
rolling of the electrode 10P with a curling of an end 24P 
thereby causing contact of an end 26P of the conductive 
member 26P enabling or causing a burning sensation in the 
skin 12P. 
A further disadvantage of the prior art electrode 10P, as 

illustrated in FIG. 1B, because the adhesive end 24P is 
exposed, it can contact, and adhere, to an article of clothing 
28P and upon movement of the clothing 28P, as shown by the 
arrow 30P, the electrode 10P can be partially lifted from the 
skin 12P, thus significantly reducing the effectiveness of the 
electrode 10P. 

These disadvantages of the prior art electrode 10P are 
overcome by the electrode 10 in accordance with the present 
invention as illustrated in FIGS. 2 and 3 which generally 
includes a conductive flexible member 12 having a top side 14 
and a bottom side 16. 
The conductive flexible member may be a conductive fab 

ric is described in U.S. Pat. No. 4,722,354 and U.S. Pat. No. 
4,708,149 to Axelgaard and these references are to be incor 
porated herein in their entirety for providing a description of 
the flexible conductive fabric. 
A connector 20, which may include a lead wire 22 and jack 

24 is provided with a lead wire 22 in contact with the member 
top side 14. 
A non-conductive flexible oversize sheet 26 covers the 

conductive flexible member 12 along with the connector 20 
and the sheet 26 may be adhered to the flexible member 12 
with any suitable adhesive layer 28 which also holds the lead 
wire 22 in contact with the member 12. 

Importantly, sheet 26 has dimensions greater than overall 
dimensions of the member 12 resulting in an edge, or perim 
eter, 26a which overlaps the member 12, see FIG. 3. This 
structure eliminates the need for alignment of the sheet 26 
with the member along their peripheries as with the prior art. 
The adhesive 28 covers the entire sheet 26 including the edge 
26a. 
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4 
This enables the electrode 10 to be sealed along the perim 

eter 26a to a user's skin and stabilizes the electrode in a 
Vertically aligned configuration to prevent “rolling action of 
the prior art electrode 10P shown in FIG. 1a and 1b. This, in 
turn, enables activity by a user and further enables bathing or 
showering by the user without degradation of the electrode/ 
skin coupling. Water is prevented from entering the electrode 
10 under the sheet 26. 
The lead wire 22 may be of any suitable conductive mate 

rial. 
With reference again to FIG. 2, a conductive hydrogel 

adhesive 44, may be is utilized for adhering the electrode 10 
to a patient’s skin, not shown. Suitable adhesive are described 
in U.S. Pat. No. 6,038,464. 
A plastic, paper, or other Suitable carrier 48 along with a 

release coating 50 may be provided in order to prevent inad 
Vertent and/or premature adhesion of the patients’ skin or 
other object to the hydrogel. The plastic carrier 48 and release 
coating 50 is removed prior to application of the electrode 10 
to the patients’ skin. 
Shown in FIG. 4 is another electrode embodiment 54 

which includes a conductive flexible member 56 having a 
plurality of highly conductive ink patterns 60, 62. 64 disposed 
on a bottom side 68 of the conductive member 56. The con 
ductive ink patterns 60, 62 and 64 may be of various shapes 
and grid patterns in order to customize the electrical conduc 
tivity of the electrode 54 beneath the pattern 60, 62, 64. 
The spaced apart pattern 60, 62 and 64 act as separate 

electrodes and communicate with lead wires 72, 74, 76 
respectively, which are attached to a top side (not shown in 
FIG. 4) of the conductive member 56 as illustrated in FIG. 2 
with the description of the electrode embodiment 10. 
The advantage of utilizing a common conductive member 

56 with spaced apart ink patterns 60, 62. 64 is that this struc 
ture provides uniformity of spacing between the independent 
electrodes. This in effect provides a template to insure proper 
electrode placement on a patient’s skin. 

It should be appreciated that, as shown in FIG. 4, the 
connector 72, 74, 76 are placed over the ink patterns 60, 62. 
64. The lead wires 72,74, 76 can be placed anywhere between 
the borders 80, 82, 84 of the ink patterns 60, 62, 64 since the 
current distribution across the electrode gel 44 is indepen 
dently controlled as hereinabove noted. 

Although there has been hereinabove described a specific 
medical electrode in accordance with the present invention 
for the purpose of illustrating the manner in which the inven 
tion may be used to advantage, it should be appreciated that 
the invention is not limited thereto. That is, the present inven 
tion may suitably comprise, consist of, or consist essentially 
of the recited elements. Further, the invention illustratively 
disclosed herein suitably may be practiced in the absence of 
any element which is not specifically disclosed herein. 
Accordingly, any and all modifications, variations or equiva 
lent arrangements which may occur to those skilled in the art, 
should be considered to be within the scope of the present 
invention as defined in the appended claims. 
What is claimed is: 
1. A medical electrode comprising: 
a plurality of spaced apart conductive flexible patterns 

having top sides and bottom sides; 
a conductive flexible member, the conductive flexible pat 

tern being disposed on a bottom side of the conductive 
flexible member; 

a plurality of connectors, each connector in contact with a 
corresponding conductive flexible patterns for establish 
ing electrical contact with an external apparatus; 
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a non-conductive flexible sheet disposed on the conductive 
flexible member top side, said non-conductive flexible 
sheet having dimensions greater than a total dimension 
of said conductive flexible patterns causing an overlap 
thereof by a sheet perimeter; 

an adhesive for bonding said non-conductive flexible sheet 
to the conductive flexible patterns and securing said 
connectors to the corresponding conductive flexible 
member; and 

a conductive adhesive disposed on the conductive flexible 
member bottom sides, for adhering the electrode to a 
patient’s skin. 

10 

6 
2. The electrode according to claim 1 wherein each con 

ductive patterns comprises a conductive fabric. 
3. The electrode according to claim 1, wherein said adhe 

sive is disposed over the entire flexible sheet including the 
sheet perimeter, the adhesive in the sheet perimeter enabling 
sealing of the electrode to a user's skin. 

4. The electrode according to claim 1 wherein each con 
ductive pattern comprises an ink. 


